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$)f>}<*\ N7fl^ 7>^> #^ cfl7l<i(o]^ VOQB}- W)* 7>*H, N 7fl£} VOQtt £*V3 
n7flSl VOQ^S. #r<HH #^^^.5. ^e)^ L7fla] VOQ ZL#(110)^ ^W*}. 
<*M*| n^r ^r°H L=N / n °}t\-. L7fl^ VOQ nf-(HO)^: AA ^ 
*1 Sl^^lM^ 5LB(201)# ^3-2.5. ^&)^ L7fl^ i^^l -H-^ 

(°1*>, XSUel- ^^)(210)^1 ^ nJ-eH ^4^1 ^3 SS(100)^ 1 H 

^tfl L7fl2l nfljL^^ ^3*1(200H ^ 7>^*>cf. 

N x N 3.7}2) nfle^^ i^^l(200)^ L 2 7fl£] XSU (210)^.5 t^sH, 

zj-zj-sl XSIRr n 7fl^ ^-^^1 °^IBa]. n 7 fl^ ^-^^ #^ IBl 3#€*=h A 
A$\ XSU(210)fe ^ 7l¥* n7fl^ <^ IH( 100)5-^- =■ 

^^-^ n7fl^ #^ IB(300)S. ^SRr 7l^§- ^W^. 

#^ IB^ L7fl^ o]E]5llol^ IE(202)# ^-*}<^ #e^£L 
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3- €-el€ L7fl^ XSIK210H] ^^MSl-^, #^ iH(300)fe A^s ^€ 

* ^^r^i *Kr^ € ^ L7fl^ XSU(210)3.^El I7fl^ a}e»s} 

XSU(210)^ n7fl<2} ^ ^ n7fl^ #ej IHt 7^^ n x n 

^H*l(211)^, 4 IBi <a^37|^ ^ 7<\^ ^ Sl^ ±.*& ^7ll#^ 

His) (small size scheduling decomposition buffer; °1*> SDB5. 5.71 )(212)-S- 

XSUC210) ^^ IB SDB(212)7> ^ .«>o>-g-^ ^7} ^-f 

XSUC210) %:% SBfS. ^-^^ f^fi %-z>}<*\ ^ SDB(212H| ^ z\#f>\ 

*fl^W. XSU(210)^ °m iH^Hl ^7fl « 0 >-^^: 

tt o v ^ ^-g-^" *r 91*)^ ^«*>7H1 7RV eh^lE.- 

^^-S«l^r nf iflafl 2.^ 5.itf ^SRS] oi^^^ g. 

3*r7fl ^-^^>7l A •a^AlTit A]#ol ^q. 

^-^^1 Sit- (crossbar switch module; °}^\ XSM^S. g.7}) 
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(213)^ L7fl^1 XSU(210)AS ^^tf. -5T>i4^ XSM (213)^ n7fl^ IBS^-Ei 
n7flsl #^ IIS ^tfRr m XSM*fl <£^S)i± 

^ ISc { m x n } <^ IBS^-Ei { (m+1) x n - 1 } «}*fl °J ^ 114 

aH4. ^ XSM^I- n7H5l <y ^ IBt^ #33 A^y aI^eao.^ ^ 

€ =r <^ls^t!- L7fl-^ A^Jd Aj^Efl^- ol-g-^H ^sfl n x N Al^tJ^ ^ 

SUtt 2.1-&I 7}7li $^^5. o^a>^ cf^ ^(Multi-Rack) 5. 

#^ IB (300) ^AJ €^ *l o)l5L^^^4- 8^3. ^ 

12]^ ^^M, L7fl^ SDB(212)S.^-E-1 a]# #^o> l7l )o} ^o. ^ 

^ <=>>«1B^ (Arbiter )(310)7> IBS ^SHr 71^8: ^r*Stbi=r. j# 

,ymodn) 



*fl f^IHl Sfl^sq^ SDB^ -« 



34 ^-ol S^^Cf. 

o>wlEK310)^ ^4- t^tr wj-Aio] 58*1 jl^S. ^-^\ 

?H 3^tr "<H4^r w o VAl ol cf . 

^Al^ofl af^- N X N 3.S^W> d|ESJa ^^^1^ <^#^ Aj-ojo) 

f^fl^ 2 ^t^il ^*fl(two stage distributed arbitration) ol^ll ^ 

1 f^fl ^Itt £-A>4g z| XSU(210H1 ^, ^11 2 f^fl ^Tfl 

tt A #3 IBIS £tf. z}- ^fl tfl^-^o] 7>^ &o] AJ- 
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*fl 1 ^4 iSLIP* ^AS.^, XSU(210)^ zj- 

SDB(212)£] ^"Bfl ^^.o] ^Hl* %°\, I : SDB7> 4* igo\%<& ^ &-§r 

0 : SDB7> 4* ^>1:^ ^ 9X4r ^-f)* ^}-g-*H f^ll 7l^g- 
XSU(210)3] #7fl^ 3711 ^.^ (Request), ^^1 (Grant), ^(accept)^ 

(1) SL% (Request): ^-<*H , *H ^o. V0Q - o. £€ . 
#^ "1^ (request)"* ^^tr^f. 

(2) ^<?](Grant): #^ IBfe, i&ef 3?^ 091 

tb 5f^^- SSI ^.^S. sVM-^l (request)* ^ A o v 
71 VOQ^l (Grant )"« 

(3) ^(Accept): <9 3 ^^1* <^A^ ^-f^ o.^. *H 
= 3*r« *r?fl ^cf. 

(1) Jl^(Request): ^3 , «H VOQ *£- 
#^ o}w]bH1 ".2.^ (request)"* ^#tB}. 

(2) ^(Accept): z^^l o>«lB]fe- ^-f^l -2-^* aJ^JIS. *><^ ef 

^■71 2 f'Tfl #711^ rfl*flA^ £ 8 ^ £. 9<HH ^^1^°J ^H] 7 } £Al 
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£ 3a, £ 3b 5! £ 3c<*fl*l *UHH ^4€- f^ll ^JLEl-g^ 

£ 3a^ ^*HH 4€- XSU(210H1 3}-g- 7 r ^tr o>u] b)( arbiter) 

<5] ^^32f oflAl^- £A^>J1 oicf. 

-^H^r 47fls1 <y ^ 5e;e<4 47fl^ lEf 4x4 XSU# 

l-Jl ojrf. z| oj^ IE1 ^ 6>u1b] (Accept Arbiter) (230-1) ~ (230-4) °1 &o_ 
^ 4 oVHl^oflfe 1H| 3|o.^ ^ 7^^>7l ^tr 3H^£Ka 0 ~ a 3 )7> 

iEth ^ IHl ^-91 (grant arbiter) (240-1) ~ ( 240-4) IB 

4 IBl VOQ^ >$HH rt\.^X] (request )^13l# >$^*M «fl^*> 

#3 1B1 ^^-tr^f. °fl» , IB(0)2l £B(0 ^ 1)<* 

sfl^}^ V0CH1 l€ ^X|«H ^ #^ SBl^ .S.^ 

iLOT. XSU(210)^ ^ #^ £Sr SDB(212)^ ^tfl 3.31^ ^if 7 r *l7fl 

g^r(full) ^-Efl* °1« ^ll^tr M-^^l #3 £B2] 3efl5i ^ 0°1 H. 
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£. 3b^ £ -M^HHl XSU(210)<=H1 ^-§- 

(Grant) ^IJl^ °fl« 3J°1^. 

313 0^1 JEL^ o>«1eK240-2 ~ 240-4)<>ll a^SM&fe #-2.5.^ 

€-<H , #3 IB(3)2] o>u]Bl (240-4)^ M^fl ^l-f^i 0 

Tfl -ilJLl- JiHfitF. (240-1 ~ 240-4)^1 73^0- 3c} 

Til ^(accept) ^» «^ ol^ofl ol=L oriels 2 #7jHH <£o] o> 

«] 3(240-1 ~ 240-4)1 z)]x]+K\(g0 ~ g3)^ ^ HE^l^ ^oj^. o_ 

£ 3c ^HH 4^ XSU(210)°fl 7>^tr ^(Accept) 41 

%% IB 6>tilE] (240-1 ~ 240-4) S^E-) 01 aj £ e^ 3 

4 1 o>w]e^ (230-1 - 230-4 HI ^#5LH°J^ ^-T-'id E^S.-^ ^ e|]^ 

^ 4l^» ^t*H, ZL ^ lE( 0)2 j ^ oj-ulEi (230-1)^ ^4- ^ 
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^ 23. #3 3LH(1)3 <433 (240-2)3 l 

#^ <S3 15(1)^1 -f^TS* ^*>3. 

<S3 IS(2)^1 ^ ^ ^-f^d &°] (Hal #^ M(2)3 <M 11(3) 

<^ IB(2)fi) 3-33(230-3)tt ^# 3°-3 ^ H(2) 

3 o>3 (240-3)3 3^ M 3AS 

£ 3b<M S^ltb 33 #3 5LB(3)3 333(240-4)3 * 

<U IS(2)S #^3-533 ^ #7lH3 IB(2)^Ej ^ 

^3 *s}£°.je.3. ^91 33 3 (240-4)3 3^ ^ OAS ZlcflSi -ff3€ 

3-. 

£.4£r -g- ^3 ^HHl 3€- l ^*fl #313 £3tt Jl-I-SH 

3. 

*±^*V wj-sq- ^-o] ; «]<>) oi^i VOQ^ #3 lEi A^J ^sf ^*3-^ 
(S110), #3 IBfe SDB^ ^3 331 s)i, 3:3 SDB7]- 03 33 # SDB^r *fl3# 
^-Eflo]jELS 3^331 €3(S130). 3! ^o. ( Q^o] A}^-£)^ 2}°-^ ^3 

ncfls -fr333. 

^3 SDB7> o«& ^^Mlfe 34-^d ^3^l^i-¥-3 3^ 3«l 
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*KH* Til £)J1(S121) ^91 ^^W(S122) . life 

^"71 Al^l- ^*}7fl E]ZL(S123), ZL ^ 

sHl tc^l 4^ sl-f-id £fl Jl^l: ^4(S124). 
<72> £ 5fe ^HH icj-s. XSU(210)^1 6>WlBl (240)^1 ^-gr £ 

<73> a>71 o>alE](240)fe ^-E. S^l ^1^71(242), o>h]e1 efl^l^E-l (245) , 

7R>7](244), aJJl cqsc1(248)» 5L^t!:^. 

<74> ^]7} XSU(210)^1 o>«1e](240)^| ^i^:^^. JS.^ *JJl. ^ 

fe n bit 3.7} 3, XSU(210)^ °m g.^°\}*\ IS S ^^>fe 

<75> ^-^ ^E-Jfe ef^JE. ^1^7l(242)ofl 3^4. ^= S^l 

^bs 7 1^ o} ti ]Ei 31*1 ^(245 HI 5Ufe S^s^-eI e}^ = -^y] 

WJ-^I-O^ ^Jr rfjEl-I- ^^S. Jl^ g>^o) Al^l- ^BH*V4. Sj- 

-r— S«l ^7l(242)fe -2-^ A]^6fl cfltV log(n) H7l<9 

(243) « #^th}. log(n) 37]^ ^l^(243)fe o>«l (240 HH 

ifl*l ^Ji* M-E^tJ-. °1 ^iLfe +1 7R>7l(244Hl ^*fl 3.^1] n ^HflS 
1 #7>^ ^ °>wlE-l 31*1 ^(245 HI #^4. 3l*l^Ei(245Hl ^ 

3^ AJ51(246)# ^ ^4- 31*1 ^(245 HI ^]JL(246)fe <>> 

ti)E](240)7> ^o] A]^ 7 > ^^$i#^r <£3}^fe ^1^^^-. 

<76> S«l a] 1^71 (242) fe ^3q-Ai^(243)# rq^LE-](248)S. ^ 
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th}. Us. ^^ci(248)^ SDB ^1^(247)^1 tcJ-ej-A-l n bit 371^ 

SDB ^"Bfl ^]Ji^(247)^ £ 2^1 SDB(212)^| #3J* M-H^ifl^ ^IJlS. 

Ai, SDB7> 4 s ^4- 0, SDB7> ^*>#«a ^ IS. 

US. ^^(248)^- SDB #31 a]s(247)7> l«g ^-f a] jr «fl 

^1- 0SL3, , SDB ^-Bfl ^1^(247)7> 0«J eH£-E. #^7l 

°l^r ^Sl 4lJL ^«1EK240)^ «fl^S)^- #3 I^o] SDB7]- 4* 

H 6£- ^Alo|6fl tcj-^- XSU(210)^ ^ o>«1e] (230)^ £ 

^71 ^ 6>tilEi(230)^, sHri= 3.«J ^71(232), 7>a>71(234) ( o> 
Hi efl*]iEi(235), ^ ^IJl (236)1- S-^W. 

n tilH^ ^o] 415: ^B)7> XSU(210)S] ^ o>ti]E^ (230H1 ^l^cf. 
^o] a] ^ *J|e|^ n bit 3.7] S. XSU(210)^ #<3 iHi^i ^ ^ ^ IBS. ^ 

^"71 ^o] <0J: HJjEi^ e^je. S«J ^1^71(232)^1 = s«J 

^1^71(232)^ 31*1^E|(235H1 ^5q°1 ^-°r^l 3^-^-^ ef^S. 
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eRrS. ^1^71(232)^ ^lii cfl^V ^s.*! log(n) 3.71 

^1^(233)1- log(n) 3.7) si) ^[S.^ ^ ofw] b\( 230)^1 *1 ^tr # 

^ IB^l 31*1 ^iL* ^HH^r. o] +i 7K>7l(234Hl 3.^] n ^Bfl 

3. 1 f7}^ 3=1 efl^l^EK 235)^1 7-1^^-. 

s^JE. ^^71(232)^ ^^^(233)1- ^ ^^(236)5. ^ 

th^. ^ -tl^ ^Sc1(236)^ log(n) 37l^ ^^^ofl sfl^-s)^ bit ^ IS. 
il^l-JL M-^t.]^ 0^.5. -g^SH n bit 371^ ^ AiJ: ^E^l- ^^tb^-. 

3E 7^r XSU(210H1 ^-g-Sl^ XSU B\ (250)5) ^*1^ ^1 ofl# u(- 

XSU Arbiter (250)^ n bit 5} V0Q51 -#31(81), n 7fl5l £-*>^ ^<?1 o>HlB] 

(230-1 - 230-n), n 7fl5l ^ C W^\ (240-1 - 240-n) , ^31*1 *H 

<H 71(252) ^ SDB ^H7l(253)# 

n 2 VOQ^l #Bj)(81)fe- XSU(210H1 n 7fl5} °J ^ IB ^S. 7> 

*lJL n 7fl5l VOQ^l ^Tfl ^-Hfl* M-El-^ ^^-S V0Q7V al<H5fl*l ^ 7^ o. 

(non-empty)^ 1°H , «H 5^ ^(empty) 0^1 7 r *lt}. 

^ °>wl El (230-1 ~ 230-n) ^ £ 5<$ £*1^ ^Jl ^Ejofl Sfl^SVfe 

n wlH^l VOQ^l ^(81)3.-^ ^^^-o> £ 55} aIJt iS|eH 

^ n WIS ^ 6>al El (240-1 ~ 240-n)S ^^^4. 
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A ^ °>«1^ (240-1 ~ 240-n) £ £ 6^1 5*1^ ^o] a] Jr. w3jE^] Sfl^s} 
n WlB.^ ^^T«>o> s. 6<^1 ^ a]s ^\B\o\] f${*£-5}±r n bit ^1 

it H^itij- ^71(252)5. Qlk^. 

5LSiw> ^ *1 ^H7](252)^ n x n H^i*} z}-z|o] 3Si ^ 

aSiH} ^IH 71(252)^ ^ o}*]^ (240-1 ~ 240-n)S.^-E^ ^S)^ 

^^S^-Ei #^ £E1 3<r ^Efl« ^ ^1^(83)^ Sfl^S]^ bit 

» IS. ^^tb4. 

SDB *)H71(253)tt SDB^ ^Efll- s)-^-^^ SDB^ ^-Efl7> ^ & 

I ^ 0, M ^ §11: 1°J SDB ^Bfl ^]Jl(86)1- ^*Kr 7}^4r 

*\] SDB 7fl<>| 71(253)^ SDBxfl^l^ l>t ^o] oi-g- ^o. ^ e»>tilE^ 

HSL ^EK87)t ^^i}. #3 ^«lE^-^-E^ ^ 

^ a] 31 ^(88)^ #^ o>a]ElS^ ^2. ^E](87)^ tj)^ #^ e^ 1 

2]- Aljr^ o)s. ol-g-§>c^ SDB ^1^71(253)^ i^-g- i cell^l «n}^ 

^ SDB-& ^ 5^. 

SDB ^1^7](253)^ ^li(83)S.-?-Bi x cell ol t^V 

€ SDB«- iE*]: SDB ^1^71(253)^ ^1^(83)^ #3 o]-w1e^ 

^-E^ ^ Aljr ^EK88)« ^}-g-*><*| SDBS] Aj-Efl-- 3}ov^ ^ oicf. 
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£ S-Br ^^HHl *fl 2 f^fl ^Tfl^ Jl#^8: £A]«V jL#£o] 

^ £°1 *fl 2 ^*fl #7fl^ #^ IHl^i 

#3 c } y l ^ XSU c>tilE^-^-&|^ ^^w>jk S2 io) ( # 

7l Jl^ ^IJiS e}£- = -3L«l ^ 3^th}(S220). #7l 

0 l*h #71 o>WlE^ ci -SMI SI ^^W. 

^ o>tilEK260)^ e}^= ^1^71(262), 7]-#7l(264) > 31*1 (265) 

^ ^"r #31 ^SCi (266)1- i^-fbcf . 

#3 f>y]E^o] ^.^a]^ tfi E ^( 91)7 ]. ^ o>ulEK260)^l #3 
o>tilE^S^ A^^ls ^(91)^ L bit 3.715. L 7flB] XSU^l^i #^ °}tilEl(260) 
°fl ^iHsRr MS.o]t^. ^&|(91)fe ef^jEL 71(262 HI 

^£4. ^1^7) (262)^ efl^l^EK 265)^1 *)#£)°1 9X^ 

b^h. s«l .a. 3 ^]Ei(9l)» ^ 
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E^JEL ^1^71(262)^ Ajjrofl tfl^ ^aJ-s-H log(L) 37] 

2\ ^1S(263)# log(L) 3.7} s*\ ^JL^r #^ o>tilEi (260HH XSU 

2} $1*1 ^H* M-E^rJ-. oj +i 7>^> 71(264)^1 ^^fl 2.1:51 L %$\3. 1 ^ 

7>€ ^ ^(265)^1 

Aljr «3jB](91)^- ^ ^^(266)5. ^tth}. ^ 

^^(266)^ log(L) 3.71^ ^sHQjrcfl sfl^S]^ bit 1 S. *i$*}JL 

M-^^l^- 0^5. L bit 37l^ ^ «"Bl(97)# ^tb^. 

£ 10£ ^ ^Alo|6fl t^-s. ^-g- N x N njjEgJ^^ ifl*H 

cfltt S^ltb 7fl^S.o]cf. 

N x N nfle^i^ tfltl: o>«l^(270)fe L 2 7fl£] XSU 

(250-1) - (250-L 2 )54 N 7fl<*l #^ ^Ib) (260-1) - (260-N)* <S^# 

o. s *| ^s}tf. zj-z]-^ XSU oVtilBHH A^JL (91-1) ~ (91-L 2 )^: # 

^ o}«lEH ^S^, Z| #^ o>WlE^lA^ #^5^ ^ A]JL(97-1) ~ (97-N)^: 
XSU 0>*]eH ^Tg-5}7fi ^Cf. 

^ ^°1 7 R> ^^l^o]^ y}BJ-zi*V ^^c^ 
-M^^^^m, ^"71 7flAl^ ^XHH &o_o^ ^#5] XT ^ ^ 

39-23 



1020030013079 

^6\) 5]sH N x N i^l^li cflt f^H^r L 2 7fl£) £-<MXSU ^>wl 

3^ N 7fl^ #^ ^7fl 711- S*V, ^ XSU fe- n 

7flSl °W^SH- n 7fl^ ^ o>tllEi^ ^ 7>^^r>S.5. £ 

^3 ^-^(scalability)^l nfl-f SE^- 2-€- arbitration^ JL^^ 

3.4? tfl-g-^ ifl*H &<>H, €^ 2^*1 ^ ^-^^ 
*H-3^ ^ Sl4» 7>^14. 

^-8: ^ ^r^H ^ "^(single iteration in a 

time slot) 1 ?]:* 7}x]51 -g-^tb E^i tfl*V ^ ^- efl o] ^ -J. ^sflu^ -g-^tr S 
£^ ^ «<HKPIM, iSLIPHl ^>cfl^o.s. -f^tr € ^ ^1^1^ 

7}x]t&*\ 100%^ ^ el -^(throughput )S. ^ ^Kl^ =r SlSLILS. e|- « c > 

^H] Hl«B^i ^-tfl^o.^ -f^rtr ^fl a]^> ^(arbitration time margin)* 7>x] 
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l^i^ 5a°W = 

4^ 7pJ- #^ tfl7l<l(V0Q)^: *Hr^ VOQ ZLl-AS. M-¥<H ^sKr °J ^ 
^-71 VOQ nff ^-^^o.^. ^7fl*H #^*Rr 31i 

MJt 1 * 2] 

XI 1 &<>H, 

^71 + i^^l ^-^^ 4^ S-#^- 

3.71^1 ifi^g- 7-1^ ^ ^ C] ifsfe nflE^r^^ #*|. 

MJt 1 * 3] 

^7l X| 1 XI 2 *<H1 

^-71 V0Q7]- N 7fl «a nfl, n 7fl^ VOQ^ L 7fl^ -tf 7 l VOQ ZL#_°S , 
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#7l S-^^r L 7fl^ #7l aLS^W> -B-bJ^- 5£f-s>ZL, 

#7l DflE^i^ i^^l L7fl5] #71 

L= N/n(N, L ^ n £ S-^f- 7}<3^r)^ 7]-^^ ^ . 

4] 

*fl 3 *<M1 5fl°H, 

#7l i^^l -fr^^, 

n 7^ ^<£] o>ti]E^ (grant arbiter)^; 

n 7fl ^ ^-aV^ ^ o r tflEi (accept arbiter )sf; 
3-SiHl- ^$1*1 7l # i^-^l-Jl, 

#7] o>h1 e-| ^ VOQ n wlHS} ^IJl ^E^l- ^^y>o> n v] 

H o) <-o] A]^ tf|e]£. #7l ^ o>til Ei S ^^^>J1, 

#7l ^ °>wl B] ±r #7] n tf)ElS n ylH^l ^ ^1 

S ^)E^» #7l ^*1 ^H7Hl *l^*Rr *flH^^ ^31*1 #*1. 

l^^ty 5] 

#7] nUESJ^^ ^1^, 

#71 Bj3t) ^H7l^ #71 Wl^o^ #Bfll- ^^Wl 4°1 51* ^-f 

#7l 0>tllE^l #S1« ^5rJL, 
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4^ oia 1Ei h^ahi- i^^i wis] ^ 4-o^ # 3 x 

(b) ^71 o>Wl^6H cfl-g-eHr #^ IB^l ^3)7} ^7f ^ ^V*^ 

(c) -*7l 6>Hl^ofl Cfl-g-^ #^ IB^] ^3J)7> ^7> >£)-g- «>o>S.o^ 
<r 5U^r ^-M^ IBS ^1JL» 3l^Kr ^1 * 

(d) ^7l -B-bJ^ 3^ ^1^7> ^-71 ^91 *>M"« 

(e) #7l ^ ^wl^7> 4M ^ AljLofl tfl-g-*)-^ #^ IBS ^ 

*r ^**Rr ^31 # I^Kr ^*1 #*fl • 

XI 6 Sil«H^, 

(f) A oM #^ IB^l #^ ^>Wl^7> 4>7l ^*1 ^ 
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T3j 



8] 

^-71 (a), (d), (f) #7fl^ nisi £$]&°-3.i?-B\ e^JEL-ii.^ 

[3^* 9] 

A 8 *<H &<H*i, 

^"71 (c)^l^, 
^"71 (e)^l^, 

A o V 7l Oj-Wl E] 7}- ^ Al^l- ^ £ E 

^-71 (f)^74l^, 
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*Hfr HSiHf -e-^o^ 7 }^S *H ^ 7$X\*}JL iflJf efl^l 

io] 
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